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(54) MAGNIFIED IMAGE FORMING DEVICE AND ITS METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form magnified image data 
having a larger number of pixels than that of original image 
data from the original image data while suppressing 
deterioration of picture. 

SOLUTION: A magnification setting part 1 1, a shift 
processing part 12 and a fluency conversion part 13 are 
provided within a magnified image forming device 10. The 
part 1 1 sets magnification. The part 1 2 arranges the pixel of 
the original image data at the position of corresponding 
magnified image data and when the magnification is odd, the 
part 1 2 shifts the pixel position of the magnification image 
data to be formed. Then, the part 13 executes fluency 
conversion to the arranged original image data. Thus, the 
magnified image data is formed. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is expansion image generation equipment which generates the expansion image data 
which consists of many pixels from the number of pixels of subject-copy image data to said 
subject-copy image data which consist of predetermined numbers of pixels arranged in the shape of 
a matrix. That said subject-copy image data are horizontal at least and an magnifying-power setting 
means to set up one magnifying power of vertical, A pixel arrangement means to arrange each pixel 
of said subject - copy image data in the location which corresponds in said expansion image data 
generated according to said magnifying power, An magnifying-power detection means to detect 
whether the number of said magnifying power set up is odd, The shift means to which only the 
movement magnitude according to said magnifying power moves relatively the pixel location of said 
expansion image data generated to the location of the pixel of said arranged subject-copy image 
data when the number of said magnifying power is odd, Expansion image generation equipment 
characterized by having an expansion image generation means to generate said expansion image 
data by performing FURU en C conversion according to said magnifying power, to each pixel of said 
arranged subject-copy image data. 

[Claim 2] Expansion image generation equipment according to claim 1 characterized by said 
expansion image generation means generating said expansion image data by performing FURU en C 
conversion shown in a degree type to each pixel of said subject-copy image data. 
[Formula 1] 
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However, F (u) is made into the pixel value of said subject-copy image data, and f (t) is determined 
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as the output value, phi (t, u) is FURU en C functional space. It is the function of mS and m (1, 2, 
3 ....) of functional space is a parameter which shows differentiability. 

[Claim 3] Expansion image generation equipment according to claim 2 characterized by for said 
expansion image generation means generating the output value by said FURU en C conversion to 
each pixel value of said subject-copy image data, and determining total of the output value of said 
FURU en C conversion corresponding to the location of each pixel in said expansion image data as 
the pixel value of said expansion image data. 

[Claim 4] Claim 1 characterized by said expansion image generation means generating said 
expansion image data by generating two or more pixel values which met horizontally from the pixel 
of said arranged subject-copy image data by FURU en C conversion to a horizontal direction, and 
performing FURU en C conversion to a perpendicular direction to two or more pixel values which 
met said horizontal direction after that, or expansion image generation equipment according to claim 
3. 

[Claim 5] When FURU en C conversion to said horizontal direction is performed for said shift means 
to the pixel of said subject-copy image data, Said pixel location is horizontally moved so that a pixel 
may be located between the pixel locations contiguous to the pixel location of said expansion image 
data generated. Furthermore, when FURU en C conversion to said perpendicular direction is 
performed to two or more pixel values along said horizontal direction, Expansion image generation 
equipment according to claim 4 characterized by moving said pixel location perpendicularly so that a 
pixel may be located between the pixel locations contiguous to the pixel location of said expansion 
image data generated. 

[Claim 6] horizontal and expansion image generation equipment according to claim 5 characterize for 
the pixel location of said expansion image data generate by horizontal and to move only 1/(2Z ) only 
of movement magnitude perpendicularly , respectively when the die length of the vertical number of 
pixels be set to 1 of the block which said shift means set said magnifying power to Z , and be 
generate by said FURU en C conversion to one pixel of said subject copy image data . 
[Claim 7] It is the expansion image generation method which generates the expansion image data 
which consists of many pixels from the number of pixels of subject-copy image data to said 
subject-copy image data which consist of predetermined numbers of pixels arranged in the shape of 
a matrix. That said subject-copy image data are horizontal at least and the 1st step which sets up 
one magnifying power of vertical, The 2nd step which arranges each pixel of subject-copy image 
data in the location which corresponds in said expansion image data generated according to said 
magnifying power, The 3rd step which detects whether the number of said magnifying power set up 
is odd, The 4th step to which only the movement magnitude according to said magnifying power 
moves relatively the pixel location of said expansion image data generated to the location of the 
pixel of said arranged subject-copy image data when the number of said magnifying power is odd, 
The expansion image generation method characterized by having the 5th step which generates said 
expansion image data by performing FURU en C conversion according to said magnifying power to 
each pixel of said arranged subject-copy image data. 

[Claim 8] It is the record medium which stored the program which performs expansion image 
generation processing which generates the expansion image data which consists of many pixels from 
the number of pixels of subject-copy image data to said subject-copy image data which consist of 
predetermined numbers of pixels arranged in the shape of a matrix. One magnifying power of 
horizontal and the perpendicular directions of said subject-copy image data is set up at least. Each 
pixel of subject-copy image data is arranged in the location which corresponds in said expansion 
image data generated according to said magnifying power. When it detects whether the number of 
said magnifying power set up is odd and the number of said magnifying power is odd, Only the 
movement magnitude according to said magnifying power the pixel location of said expansion image 
data generated By making it move relatively to the location of the pixel of said arranged subject- 
copy image data, and performing FURU en C conversion to each pixel of said arranged subject-copy 
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image data according to said magnifying power The record medium which is characterized by 
generating said expansion image data and in which computer reading is possible. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention expands the subject-copy image data which consist of a small 
number of pixel, and relates to the expansion image generation equipment which generates the 
expansion image data which consists of many pixels from subject-copy image data. 
[0002] 

[Description of the Prior Art] The subject-copy image data which consist of small numbers of pixels 
conventionally are expanded, the expansion image generation equipment which generates the 
expansion image data which consists of more pixels is known, in expansion processing, interpolation 
processing, such as linear interpolation, is performed to the pixel of subject-copy image data, and, 
thereby, the pixel value of expansion image data is generated. The expansion image to which it 
became possible to change and display the digital image displayed on the indicating equipment 
(display) which consists of a small number of pixels on the indicating equipment of the big screen 
which consists of more pixels according to such expansion image generation equipment, and some 
subject-copy images were expanded in the same indicating equipment can also be displayed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in interpolation processing of linear 
interpolation etc., about the pixel which the expansion image data generated adjoins, a pixel value 
change does not become smooth and accurate expansion image data is not generated. That is, 
image quality deteriorates in expansion processing. 

[0004] This invention aims at obtaining the expansion image generation equipment which expands 
subject-copy image data and generates expansion image data, suppressing degradation of image 
quality. 
[0005] 

[Means for Solving the Problem] The expansion image generation equipment of this invention is 
expansion image generation equipment which generates the expansion image data which consists of 
many pixels from the number of pixels of subject-copy image data to the subject-copy image data 
which consist of predetermined numbers of pixels arranged in the shape of a matrix. That said 
subject-copy image data are horizontal at least and an magnifying-power setting means to set up 
one magnifying power of vertical, A pixel arrangement means to arrange each pixel of subject-copy 
image data in the location which corresponds in said expansion image data generated according to 
magnifying power, An magnifying-power detection means to detect whether the number of the 
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magnifying power set up is odd, The shift means to which only the movement magnitude according 
to magnifying power moves the pixel location of the expansion image data generated relatively to 
the location of the pixel of the arranged subject-copy image data when the number of magnifying 
power is odd, It is characterized by having an expansion image generation means to generate 
expansion image data by performing FURL) en C conversion according to magnifying power to each 
pixel of the arranged subject-copy image data. Thus, by performing FURU en C conversion to each 
pixel of subject-copy image data, the pixel value of expansion image data is generated so that a 
pixel value change may become smooth. Moreover, by performing shift processing, when the number 
of magnifying power is odd, a pixel value change becomes smooth and the expansion image data by 
which image quality degradation was suppressed is generated. 

[0006] As for an expansion image generation means, it is desirable to generate expansion image data 
by performing FURU en C conversion shown in a degree type to each pixel of subject-copy image 
data. 

[Formula 2] 



However, F (u) is made into the pixel value of subject-copy image data, and f (t) is determined as 
the output value, phi (t, u) is FURU en C functional space. It is the function of mS and m (1, 2, 3 ....) 
of functional space is a parameter which shows differentiability. (1) By using a formula, the discrete 
pixel value of the subject-copy image data which are a value is changed into the output value which 
takes a continuous value. 

[0007] As for an expansion image generation means, it is desirable to generate the output value by 
FURU en C conversion to each pixel value of subject-copy image data, and to determine total of the 
output value of the FURU en C conversion corresponding to the location of each pixel in expansion 
image data as the pixel value of expansion image data. Thereby, the pixel value change of the 
expansion image data generated becomes smooth. 

[0008] As for an expansion image generation means, it is desirable to generate expansion image data 
by generating two or more pixel values which met horizontally, and performing FURU en C 
conversion to a perpendicular direction from the pixel of the arranged subject-copy image data, by 
FURU en C conversion to a horizontal direction, to two or more pixel values which met horizontally 
after that. The block which consists of two or more pixels which responded to magnifying power 
from one pixel of subject-copy image data by such conversion is generated. 

[0009] When, as for a shift means, FURU en C conversion to a horizontal direction is performed to 
the pixel of subject-copy image data, A pixel location is horizontally moved so that a pixel may be 
located between the pixel locations contiguous to the pixel location of the expansion image data 
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generated. Furthermore, when FURU en C conversion to a perpendicular direction is performed to 
two or more pixel values which met horizontally, it is desirable to move a pixel location 
perpendicularly so that a pixel may be located between the pixel locations contiguous to the pixel 
location of the expansion image data generated. 

[0010] For example, a shift means sets magnifying power to Z, and only 1/(2Z) only of movement 
magnitude moves the pixel location of the horizontal and the expansion image data generated when 
the die length of the vertical number of pixels is set to 1 of a pixel block generated by the FURU en 
C conversion to one pixel of subject-copy image data to horizontal and a perpendicular direction, 
respectively. In this case, the pixel location of subject-copy image data is arranged between the 
pixel locations of expansion image data and pixel locations which are generated. 
[0011] 

[Embodiment of the Invention] Below, with reference to a drawing, the expansion image generation 
equipment which is the operation gestalt of this invention is explained. 

[0012] Drawing 1 is the block diagram of expansion image generation equipment. Expansion image 
generation equipment is controlled by CPU (not shown), and expansion processing of image data is 
performed. The program for performing expansion processing is recorded on the record medium (not 
shown). 

[0013] The subject-copy image data of the brightness data Y and the color difference data Cb and 
Cr are stored in the storing memory M1. This subject-copy image data is equivalent to the image 
photoed with the digital camera etc., and consists of two or more pixels. The subject-copy image 
data of the brightness data Y and the color difference data Cb and Cr are stored in the field which 
became independent in the storing memory M1, respectively, and if inputted into expansion image 
generation equipment 10, expansion processing of them will be carried out separately, respectively. 
[0014] Expansion image generation equipment 10 consists of the magnifying-power setting section 
11, the shift processing section 12, and a FURU en C transducer 13, and generates the expansion 
image data which consists of numbers of pixels of subject-copy image data with many numbers of 
pixels. 

[0015] Actuation or the control device from the outside (not shown) of the switch (not shown) 
according to an operator at the magnifying-power setting section 1 1 The magnifying power of the 
expansion image data to subject-copy image data is set up. Let magnifying power be an integral 
multiple with this operation gestalt. 

[0016] In the shift processing section 12, each pixel of subject-copy image data is arranged in the 
location which corresponds in expansion image data. And when the number of magnifying power is 
odd, shift processing is performed to each pixel of subject-copy image data. On the other hand, 
when the number of magnifying power is even, shift processing is not performed to each pixel of 
subject-copy image data. In addition, shift processing is explained in full detail later. 
[0017] In the FURU en C transducer (expansion image generation section) 13, FURU en C 
conversion is performed to each pixel of subject-copy image data, and, thereby, expansion image 
data is generated. The generated expansion image data is sent to the storing memory M2. 
[0018] The expansion image data of the brightness data Y and the color difference data Cb and Cr 
is sent to an external indicating equipment etc., and, thereby, the expansion image data which 
consists of numbers of pixels of subject-copy image data by many pixels is displayed on an 
indicating equipment as an image. 

[0019] Drawing 2 is drawing having shown the expansion processing to subject-copy image data. 
[0020] The subject-copy image data P consisted of the number of pixels of AxC, and the pixel of C 
individual is horizontally located in a line with A pieces and a perpendicular direction in the shape of 
a matrix. Here, a y-coordinate (0 <=y<C) is horizontally set as an x-coordinate (0 <=x<A) and a 
perpendicular direction for the upper left corner of the subject-copy image data P as a zero. For 
example, the pixel which meets horizontally and is located in the t-th along the s~th perpendicular 
direction is expressed as Pts. 
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[0021] According to magnifying power (3 times), FURU en C conversion is performed to respectively 
horizontal and a perpendicular direction to each pixel Pyx of the subject-copy image data P. 
However, the magnifying power in this operation gestalt shows the dilation ratio to a horizontal 
direction and each perpendicular direction. For example, the pixel block I which FURU en C 
conversion to a horizontal direction is performed first, meets horizontally to Pixel Pts, and consists 
of three pixels is generated. Furthermore, FURU en C conversion to a perpendicular direction is 
performed to three generated pixels, and, thereby, the block BO which consists of a 3x3=9 piece 
pixel is generated. 

[0022] And expansion image data J which consists of blocks B which consist of a 3x3=9 piece pixel 
is generated by performing FURU en C conversion to all the pixels Pyx of the subject-copy image 
data P. The location of Block B is equivalent to the location of the pixel Pyx of the subject-copy 
image data P set as the object of FURU en C conversion in expansion image data J. For example, 
the location of block BO is equivalent to the location of the pixel Pts of the subject-copy image data 
P, and is horizontally located in the s-th block and a perpendicular direction in expansion image data 
J at the t-th block. In addition, in expansion image data J, the block of those other than block BO is 
expressed as B here. 

[0023] In order to show the location of the pixel within block B0 f each [ x' (0 <=x'<=2) and / set up 
the coordinate of y f (0 <=y'<=2) perpendicularly and / within block B0 ] pixel is horizontally 
expressed as IVV. The pixel Jyx of expansion image data J and I'yV fill the relation of a degree 
type. 

[Formula 3] 



[0024] thus, the case where, as for each pixel Pyx, FURU eh C conversion is performed — **** — 
it is arranged in the location where last expansion image data J corresponds, i.e., the center position 
of Block B generated. 

[0025] The number of the horizontal pixels of the number of pixels with expansion image data J 
horizontal since nine pixel blocks B doubled three perpendicularly, respectively are generated, and a 
perpendicular direction serves as 3A and 3C from one pixel Pyx of the subject-copy image data P, 
respectively. The number of pixels of that magnifying power is horizontal and the block B generated 
from it being a dilation ratio about a perpendicular direction serves as a square of magnifying power. 
[0026] Thus, as for the subject-copy image data P of AxC, magnifying power is changed into 
expansion image data J of 3Ax3C by FURU en C conversion by 3 times. 

[0027] FURU en C conversion is explained with reference to drawing 3 - drawing 6 . Since FURU en 
C conversion is conversion based on a FURU en C (Fluency) function, it explains FURU en C 
functional space and a FURU en C function first, and describes after that the FURU en C 
conversion which is orthogonal transformation. 

[0028] It is known conventionally, using a FURU en C function as the function which can express 
various signals appropriately, for example, is indicated by "mathematical science No.363 and pp 8-12 
(1993)" (henceforth reference 1). 

[0029] First, the functional space of a FURU en C function is defined. It is functional space when (4) 

types show the function which consists of a stair-like function generated by the boxcar function 

shown by (3) formulas, as shown below. hhS is defined by (5) types. However, bn of (4) types is a 

multiplier. 

[0030] 

[Formula 4] 
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1, |t|<l/2 

6, ^©ffe 



(3) 



S:=\f:R->C\f(t)= j?b mX (f-n). 




...(4) 



S:=|*:/?->C|/a(0= j/(r-r)g<r)rfr. 



-CO 



[0031] functional space m of mS — time (m-2) continuation — differentiable — at most (m-1) — it 
means that the function consists of the following dividing polynomial. Moreover, (5) types show that 
the convolution integral is given. 

[0032] This functional space of a series of mS serves as functional space which ties up from stair- 
like functional space (m= 1) to the fourier band limit functional space (m->infinity) by making 
continuation differentiability m into a parameter, functional space the function system equivalent to 
the impulse response by which mS is characterized — sampling — it draws by the congruence 
rectangular cross sampling theorem as a group of the base and its congruence orthogonal basis — 
having — **** — this theorem — setting — function f** mS of arbitration — sampled value fn : (6) 
and (7) types are filled to =f (n). 
[0033] 
[Formula 5] 
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[0034] (6) A formula shows the FURU en C transform function drawn from sampled value, and 
expresses the extensive form type of the function which makes a sampled value train an expansion 
coefficient. Moreover, (7) types show the FURU en C inverse transformation function drawn from 
the FURU en C transform function, and express with the format of integrating conversion the 
operator which acquires the sampled value train from a function. In addition, p is the variable of 
arbitration. Moreover, the bar (striping) shown in the upper part of phi shows that the complex 
conjugate of phi is taken. 

[0035] moreover, functional space in mS, generalization of the frequency concept in the semantics 
that it is in agreement with the Fourier transform on the limit which makes m infinite is given — the 
orthogonal transformation by which the higher-harmonic structure of mS is characterized is 
introduced by the FURU en C orthogonal transformation theorem, and function f** mS of arbitration 
fills (8) and (9) types in this theorem. However, it is the function of phi (t, u) and mS, and is Dirac. It 
is expressed using a delta function. In addition, u is the variable of arbitration. 
[0036] 
[Formula 6] 
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[0037] FURL) en C orthogonal transformation and (9) types are expressed with this operation gestalt 
for (8) types as FURU en C rectangular cross inverse transformation. A framework including such a 
congruence rectangular cross sampling theorem, orthogonal transformation, etc. is called FURU en 
C analysis. 

[0038] (8) The FURU en C orthogonal transformation of a formula can transform a discrete sample 
(sampled value) to a continuous function value. So, with this operation gestalt, expansion processing 
is performed to subject-copy image data using the FURU en C conversion (8) type which is 
orthogonal transformation. That is, FURU en C conversion of (8) types is applied to each pixel value 
of subject-copy image data, and expansion image data is generated based on the continuous 
function value outputted. 

[0039] Then, the FURU en C function when setting up the value of Parameter m concretely first is 
shown. 

[0040] functional space mS — setting — Parameter m — one by one — 1 and 2 — it asks for the 
FURU en C function when considering as ... The easiest function system of a FURU en C function is 
the function which set to «t) ** 1S of (4) types boxcar function chi (t) shown by (3) formulas, and 
set this f (t) to function g** 1 S in (5) types. That is, output f(t) ** 1 S are made into a boxcar 
function by using a delta function instead of a boxcar function as an input value, and it sets at (5) 
ceremony, and is functional space. From m~1S to functional space f (t) is made to apply to the 
function of the convolution performed for conversion to mS. 

[0041] Input-value (sampled value) chin It considers as 1 and the delta function which is 0 when 
other at the time of t=tau (refer to drawing 3 ). In the case of m= 1, the FURU en C function which 
is the output is expressed with a degree type. 
[0042] 
[Formula 7] 



w\ ^ / \ f 1 ' r-l/2<f <r + V2 _ , 



-••(10) 

[0043] The FURU en C function of m= 1 turns into a boxcar function, as drawing 3 shows. And the 
FURU en C function at the time of being a parameter m= 2 is called for according to this boxcar 
function and convolution integral with f (t), as shown in a degree type. FURU en C function g (t) 
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called for becomes a triangle-like function as shown in drawing 4 
[♦0044] • 
[Formula 8] 

' /-r+1, r-\<t<T 
-t + r+l r<t<T + \ g(t)e 2 S 

o, *tiim 
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g(/)= |/(/-r)/(r)rfT = 



[0045] parameter m= — 3 and 4 — it collapses similarly at the time of ... t and an integral is given. 
That is, if a convolution integral with f (t) of the FURU en C function in a parameter (m-1) and (10) 
types is given, the functional space of m-1S It is changed into the functional space of mS and, 
thereby, the FURU en C function in Parameter m is generated. 

[0046] For example, FURU en C function [ of the shape of a curve as shown in drawing 4 ] h (t) is 
called for by giving the convolution integral of g (t) called for by (1 1 ) formulas, and f (t) at the time 
of a parameter m= 3. FURU en C function h (t) is expressed with a degree type. 
[0047] 
[Formula 9] 
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[0048] Thus, a FURU en C function changes to various functions by changing the value of 
Parameter m. The FURU en C function in m= 1, and 2 and 3 shown by drawing 3 and 4 is a 
fundamental function used as the example of phi (t) in (6) types, and is indicated by reference 1. 
And with this operation gestalt, FURU en C conversion based on these FURU en C function shown 
concretely is performed to the subject-copy image data P. 

[0049] In addition, functional space From m-1S In conversion to mS, if f (t) shown in drawing 3 is 
used for convolution as it is, a function value will not be set to 1 of an input value by t=tau. So, at 



JP-A-2001-1 36378 



Page 1 2 of 24 



this operation gestalt, it is functional space. From m-1S to functional space The function of a 
configuration as shows f (t) used for convolution at the time of conversion to mS (m>=3) to drawing 
5 instead of drawin g 3 is used. For example, f (t) is expressed with a degree type at the time of m= 
3. 

[0050] 

[Formula 10] 

I r-KtSr-I 
3 2 



/(<) = 



4 1 ^ 1 

~3' * + 2 <,<r + 1 



[0051] Function f (t) is normalized so that area may be set to 1, and thereby, as for a FURU en C 
function, it makes a normalized system. Therefore, the value of t=tau is always set to 1. 
[0052] Drawing 6 is drawing having shown the value of the pixel Pyx of the subject-copy image data 
P, and the value of the pixel Jyx of expansion image data J corresponding to it in the graph, 
respectively. Here, in order to explain the pixel value generation by FURU en C conversion, FURU en 
C conversion to a horizontal direction is shown. However, it is 8 times the magnifying power of this, 
and the block generated consists of 8x8=64 piece pixels. 

[0053] FURU en C conversion to a horizontal direction is applied to pixel Pts-1 which is adjoining 
three from which the value differed mutually in the subject-copy image data P as an example, Pts, 
and Pts+1. That is, the FURU en C orthogonal transformation shown in (8) types is made to apply to 
three pixels. However, input-value F (u) becomes pixel Pts-1, Pts, and the value of Pts+1, 
respectively. 

[0054] f (t) used as an output corresponds to the FURU en C function shown by drawing 3 and 
drawing 4 . That is, the pixel value which is a sample is changed into the function value which takes 
a value continuously by FURU en C orthogonal transformation. 

[0055] In the case of a parameter m= 1, output f (t) by FURU en C conversion becomes a boxcar 
function, and eight pixel values with the horizontal block I generated turn into the respectively same 
value. With this operation gestalt, the output range L of this boxcar function is made to correspond 
with magnifying power, and it corresponds to the range of eight horizontal pixel values generated in 
this drawing. 

[0056] Output fs-1 to pixel Pts-1 and Pts+1 of FURU en C conversion and fs+1 if it is a parameter 
m= 1 The pixel value calculation in block B0 is not influenced. In addition, the vertical line line Q 
shows each pixel generated by pixel Pts-1, Pts, and FURU en C conversion to the horizontal 
direction to Pts+1, respectively. 

[0057] When FURU en C conversion of three pixel Pts-1, Pts(es), and the values of Pts+1 is carried 
out by (8) types, respectively in the case of a parameter m= 2, output f (t) is fs-1, fs, and fs+1, 
respectively, as drawing 6 shows. It becomes, in this case, in the output range of each output, the 
part which overlaps each other exists and the pixel value of the block I generated corresponds — 
each — output fs-1, fs, and fs+1 It becomes a value adding an output value. That is, the total of 
each output value according to the location of each pixel in Block I is computed as a pixel value in 
the location. 

[0058] If the value of Parameter m furthermore becomes large, the output range of output f (t) by 
FURU en C conversion will become larger, and each pixel value of Block I will be computed based on 
the output value of the FURU en C conversion not only to pixel Pts-1 and Pts+1 but the other 
circumference pixel. 
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[0059] Thus, by making the FURU en C conversion shown by (8) formulas to the pixel Pyx of the 
subject-copy image data P apply horizontally, it meets horizontally and a pixel is generated. 
Therefore, by performing FURU en C conversion one by one along horizontal and a perpendicular 
direction to each pixel Pyx of the subject-copy image data P, the pixel value between samples is 
generated (interpolation) and it becomes generable [ each pixel Jyx of expansion image data ] from 
the sample (pixel value of subject-copy image data) arranged discretely. At this time, the value of 
Pixel Jyx also changes according to the value of Parameter m. 

[0060] Generation of expansion image data J by FURU en C conversion is explained using drawing 7 
- drawing 10 . However, it is 8 times the magnifying power of this. 

[0061] Drawing 7 is drawing having shown the horizontal FURU en C conversion to the subject-copy 
image data P (especially pixel Pts). With this operation gestalt, Parameter m is set up in 1-3. The 
circumference pixel of the pixel Pts which is needed for computing each horizontal pixel value of the 
block I generated by FURU en C conversion to a horizontal direction is expressed with b, c, d, and e, 
respectively. Moreover, the pixel location in Block I is shown in order of 0, 1, and 2...7 from the left. 
[0062] First, each pixel Pyx of the subject-copy image data P is arranged in the location which 
corresponds in expansion image data J generated. That is, Pixel Pyx is arranged in a location at the 
core (core of the block I generated by FURU en C conversion to a horizontal direction) of each 
block B (B0). After this pixel arrangement is performed, FURU en C conversion with the 
predetermined parameter m is performed horizontally. For example, at the horizontal core within the 
block I generated (between the 3rd pixel location and the 4th pixel locations), FURU en C 
conversion of the pixel Pts is carried out. Eight pixels which met horizontally by this are called for. 
Similarly, at the horizontal core (core of Block B) of the block I generated, FURU en C conversion is 
performed also to other pixels containing Pixels b, c, d f and e. 

[0063] Drawing 8 is the table TO having shown the formula which computes eight pixel values 
generated horizontally. In this table TO, the arithmetic expression which calculates a pixel value in 
case Parameters m are 1-3 is shown, respectively, and these formulas are obtained based on (8) 
types, in addition, eight pixel values generated are corresponded to the pixel locations 0-7 — as — 
respectively — 10, 11, 12, and ... it expresses 17. 

[0064] As shown in drawing 8 , in the case of a parameter m= 1, they are all the pixel values 10 and 
11... 17 becomes the value of the pixel Pts of the subject— copy image data P. On the other hand, in 
the case of a parameter m= 2, based on each output value acquired by FURU en C conversion to 
Pixels c, Pts, and d, eight horizontal pixel values (10-17) are calculated. In the case of a parameter 
m= 3, eight horizontal pixel values are calculated based on each output value acquired by FURU en 
C conversion to Pixels b, c, Pts, d, and e. However, the value of each pixel is expressed as the same 
signs b, c, Pts, d, and e as a pixel here. 

[0065] If such horizontal FURU en C conversion is performed to each pixel Pyx of the subject-copy 
image data P next, vertical FURU en C conversion will be performed to eight horizontal pixel values 
generated from each pixel value. 

[0066] Drawing 9 is drawing having shown FURU en C conversion to the perpendicular direction to 
eight pixel values (especially 10-17) generated by FURU en C conversion to a horizontal direction. 
The sequence of 0-7 is set also to the location of each pixel of the perpendicular direction in block 
B0, respectively. In consideration of the FURU en C conversion which is 1-3, the range of 
Parameter m adds the circumference pixel which is needed for calculating the value of each pixel in 
block B0 to b, c, d, and e, and sets it to f, g, h, and k, respectively. 

[0067] Since FURU en C conversion is horizontally performed to each pixel Pyx of the subject-copy 
image data P, eight pixel values are horizontally computed also about Pixels f, g, h, and k. For 
example, it is based on the value of the pixel g of the subject-copy image data P, and they are the 
pixel values gO, g1, and g2 horizontally... g7 is generated, respectively. 

[0068] FURU en C conversion is perpendicularly performed to eight generated horizontal pixel 
values 10-17, respectively. At this time, the pixel values 10-17 are located at the core (between the 
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3rd and the 4th pixel locations) along the perpendicular direction of the block BO generated. FURU 
en C conversion to a perpendicular direction is performed in the condition of having been arranged 
in each block B generated in the same location also to other pixels f0-f7, g0-g7, h0-h7 f and k0~k7. 
[0069] If FURU en C conversion to a perpendicular direction is performed, the block BO which 
consists of a 8x8=64 piece pixel will be generated. If each pixel value of the block BO generated is 
indicated to be FyV (0 <=x'<=7, 0 <=y'<=7), each pixel value FyY will be called for by the arithmetic 
expression shown by drawing 8 . However, the pixel values f0-f7, g0-g7, 10-17, h0-h7, and k0-k7 are 
used instead of the pixel values b, c, Pts, d, and e, respectively. 

[0070] drawing 10 — **** — a parameter — m — one - three — a setting range — setting — 
horizontal — meeting — seven — a position — being located — eight — a ** — a pixel — a value 
Fy ' seven (y -0-7) — asking — arithmetic expression — having been shown — a table — 
T zero — ' — being shown — **** . For example, in the case of a parameter m= 2, eight pixel 
value Iy'7 (y -0-7) is calculated based on the value of 3 pixel values g7, 17, and h7, respectively. 
[0071] Thus, the block B0 which consists of a 8x8=64 piece pixel is generated by FURU en C 
conversion of horizontal and a perpendicular direction from Pixel Pts. Expansion image data J is 
generated by performing FURU en C conversion to all the pixels Pyx of the subject-copy image data 
P. 

[0072] The shift processing performed in the shift processing section 12 (refer to drawing 1 ) is 
explained using drawing 1 1 - drawing 16 . 

[0073] Drawing 1 1 is drawing having shown horizontal FURU en C conversion in case the number of 
magnifying power is odd. Here, magnifying power is made into 3 times. 

[0074] When horizontal FURU en C conversion is performed, each pixel Pyx of the subject-copy 
image data P is arranged in the center position of the block generated. Therefore, when it is 3 times 
the magnifying power of this, Pixel Pts meets horizontally in the block I generated, and is arranged in 
the location of the 1st pixel. Similarly, the circumference pixels b, c, d, and e of Pixel Pts are also 
arranged at the core in each block. 

[0075] Drawing 12 is the table T1 having shown the arithmetic expression which calculates three 
pixel values 10-12 which are generated by FURU en C conversion to a horizontal direction, and which 
met horizontally. As shown in this table T1, even if Parameters m are 2 and 3, the pixel value Pts 
turns into the pixel value 11 as it is. That is, the output by the FURU en C conversion to the 
circumference pixel values b, c, d, and e etc. is altogether set to 0 in a corresponding location (1st 
pixel location in Block I). And in other blocks, the pixel value (b1, c1, d1, e1) generated in the center 
position where Pixels b, c, d, and e are arranged turns into the pixel values b, c, d, and e as it is 
similarly. 

[0076] Drawing 13 is drawing having shown FURU en C conversion to a perpendicular direction. If 
FURU en C conversion which met perpendicularly is performed as shown in drawing 13 , the block 
B0 of 3x3=9 piece will be generated. The pixel value F1 1 generated is equal to the pixel value 11 Pts, 
i.e., a pixel value, as it is. Moreover, the pixel value F10 and F12 become equal to the pixel values 10 
and 12, respectively. 

[0077] Generally, when the number of magnifying power is odd, the value of each pixel Pyx of the 
subject-copy image data P becomes equal to the value of the pixel Jyx located at the core in each 
block B of expansion image data J generated (B0). Therefore, only in the number of pixels of the 
subject-copy image data P, the pixel value Jyx equal to the pixel value Pyx of the subject-copy 
image data P exists in expansion image data J generated (below, this pixel value Jyx is called joint). 
[0078] Thus, it is based on the property of the FURU en C function shown by drawing 4 that the 
pixel value which is in a center position in each block B (B0) generated by FURU en C conversion 
turns into a value of each pixel Pyx of the subject-copy image data P as it is. 

[0079] By the way, expansion image data J carries out FURU en C conversion of each pixel Pyx of 
the subject-copy image data P, and is generated by interpolating the value between each pixel 
(generation). Therefore, the image quality of expansion image data J is so high that the value of the 
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pixel Jyx which there is the variation between each pixel, namely, it adjoins changes smoothly, 
[•little]- 

[0080] However, when a joint exists in expansion image data J, the pixel value change between the 
pixels centering on a joint is not smooth compared with the case (magnifying power is even number) 
where a joint does not exist. For example, change of the pixel values 10, 11, and 12 shown in Table T1 
of drawing 12 is not smooth compared with change of the pixel values 12, 13, 14, and 15 shown in 
Table TO of drawing 8 . Since the horizontal pixel value generated by FURU en C conversion to a 
horizontal direction becomes equal to the pixel value which corresponds in each block B generated 
by FURU en C conversion to a perpendicular direction (for example, 10 and F10), the pixel value 
change between the pixels which met perpendicularly also becomes moreover, less smooth. 
Therefore, the image quality of expansion image data J by which magnifying power is generated 
[ odd times ] falls off compared with even times many expansion [ as this ] image data J. 
[0081] So, with this operation gestalt when performing odd times as many FURU en C transform 
processing as this to the subject-copy image data P, the location of each pixel of expansion image 
data J generated is relatively moved to each pixel Pyx of the arranged subject-copy image data P. 
In addition, with this operation gestalt, in order to smooth pixel value change between the pixels of 
expansion image data J generated, the setting range of Parameter m is made or more into two. 
[0082] Drawing 14 is drawing having shown the shift processing in the FURU en C conversion which 
met horizontally. 

[0083] As shown in drawing 14 , on the whole in shift processing, only movement magnitude deltaS 
shifts each horizontal pixel location in each block I generated rightward [ level ] (it shifts). By this 
right shift processing, Pixel Pts moves to the location between pixel location 0 watch and 1 ' watch 
in Block I. Movement magnitude deltaS here is 1/6, when the die length of each block B which 
constitutes each block I, i.e., expansion image data J, generated is set to 1. 
[0084] Drawing 15 is the table having shown the value of three horizontal pixel values 10-12 
generated by FURU en C conversion to a horizontal direction. The pixel value (= Pts) used as a joint 
stops existing by shift processing being performed so that it may understand by comparing this table 
T2 with Table T1 shown in drawing 12 . 

[0085] Drawing 16 shows the shift processing at the time of the FURU en C conversion which met 
perpendicularly. However, it is shown here by the picture element part generated among the blocks 
B0 generated based on the pixel values fO, gO, h0 t 10, and kO. 

[0086] In vertical shift processing, each pixel location in each block B (B0) generated is shifted to 
perpendicular down only for movement magnitude deltaS, respectively. For example, the pixel value 
10 generated by FURU en C conversion to a horizontal direction moves in block B0 between the 
pixel locations of the 1st [ 0 / 'the pixel location of eye watch and 1' ] watch which met 
perpendicularly. 

[0087] When shift processing to such a horizontal direction and a perpendicular direction is 
performed, a joint does not exist in each block B generated, but the value of Pixel Jyx changes 
smoothly into each block B. 

[0088] Drawing 17 is the flow chart which showed the program of the FURU en C conversion to the 
subject-copy image data P. 

[0089] At step 101, each pixel Pyx of the subject-copy image data P is arranged in the location 
(core of each block) which corresponds in expansion image data J generated, respectively. 
[0090] At step 102, it is judged whether the number of the set-up magnifying power Z is odd. 
[0091] In step 102, if judged with the number of magnifying power Z being odd, it will move to step 
103. On the whole at step 103, the location of each pixel of expansion image data J generated is 
shifted rightward [ level ] only for movement magnitude deltaS. When magnifying power is set to Z 
and magnitude of one block B of expansion image data J generated is set to 1, movement magnitude 
deltaS becomes 1/(2Z). If shift processing is performed horizontally, it will move to step 104. 
[0092] At step 104, FURU en C conversion is horizontally performed to the subject-copy image data 
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P, and, thereby, a pixel value is horizontally generated only for the number of magnifying power Z. If 
FURU en C conversion to a horizontal direction is performed, it will move to step 105. 
[0093] On the whole at step 105, the pixel location of each block B of expansion image data J 
generated is shifted to perpendicular down only for movement magnitude deltaS (= 1/(2Z)). And at 
step 106, FURU en C conversion to a perpendicular direction is performed to the horizontal pixel 
value generated in step 104, the block B which consists of the number of pixels according to 
magnifying power is generated by this, and expansion image data J is generated. This program will be 
ended if expansion image data J is generated. 

[0094] In step 102, if it is not odd times the magnifying power Z of this, i.e., it is judged that they are 
even times, it will move to step 107. 

[0095] Activation of step 107 is the same as the activation in step 103, and the activation in step 
108 is the same as activation of step 106. That is, FURU en C conversion to a horizontal direction 
and a perpendicular direction is performed to each pixel Pyx of the subject-copy image data P, and, 
thereby, expansion image data J is generated. This program will be ended if step 108 is performed. 
[0096] As mentioned above, according to this operation gestalt, FURU en C conversion is performed 
to each pixel Pyx of the subject-copy image data P, and, thereby, expansion image data J is 
generated. Thus, by making FURU en C conversion apply in expansion processing, the pixel value 
change between each pixel becomes smooth, and image quality does not deteriorate in the 
expansion processing process from the subject-copy image data P to expansion image data J. 
[0097] When the number of magnifying power is odd, only the movement magnitude deltaS according 
to magnifying power moves the pixel location of expansion image data J generated to the location of 
each pixel Pyx of the arranged subject-copy image data P. The pixel value change between each 
pixel in expansion image data J which the joint when the value of the pixel Pyx of the subject-copy 
image data P turns into a value of the pixel Jyx of expansion image data J as it is stops existing by 
this, and is generated becomes smooth. That is, in generation of expansion image data J, image 
quality degradation is suppressed from the subject-copy image data P. 

[0098] In addition, the left may be performed, and with this operation gestalt, although shift 
processing to the right and a perpendicular direction is made down for the shift processing to a 
horizontal direction, shift processing may be performed upward instead. Moreover, expansion 
processing may be carried out to a horizontal chisel or a perpendicular chisel instead of carrying out 
about a horizontal direction and each perpendicular direction. 
[0099] 

[Effect of the Invention] As mentioned above, suppressing degradation of image quality, according to 
this invention, subject-copy image data can be expanded and expansion image data can be 
generated. 
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[•Brief Description of the Drawings] 

[Drawing 1] It is the block diagram having shown the electric circuit of the expansion image 
generation equipment which is this operation gestalt. 

[ Drawing 2 ] It is drawing having shown FURU en C transform processing to subject-copy image 
data. 

[Drawing 3] It is drawing having shown the FURU en C function. 
[ Drawing 4] It is drawing having shown the FURU en C function. 
[ Drawing 5] It is drawing having shown the normalized FURU en C function. 
[Drawing 6] It is drawing having shown FURU en C conversion. 

[Drawing 7] It is drawing having shown FURU en C conversion to a horizontal direction. 
[Drawing 8] It is the table having shown the arithmetic expression which calculates the horizontal 
pixel value generated. 

[ Drawing 9] It is drawing having shown FURU en C conversion to a perpendicular direction. 
[Drawing 10] It is the table having shown the arithmetic expression which calculates the pixel value 
of the perpendicularly it is generated. 

[Drawing 11] Magnifying power is drawing having shown FURU en C conversion to the horizontal 
direction in odd number. 

[Drawing 12] It is the table having shown the arithmetic expression which calculates the horizontal 
pixel value generated. 

[Drawing 13] Magnifying power is drawing having shown FURU en C conversion to the perpendicular 
direction in odd number. 

[Drawing 14] It is drawing having shown the shift processing to the level right. 

[Drawing 15] It is the table having shown the formula which calculates the horizontal pixel value 

generated. 

[Drawing 16] It is drawing having shown the shift processing to perpendicular down. 
[Drawing 1 7] It is the flow chart which showed shift processing and FURU en C transform- 
processing actuation. 
[Description of Notations] 

10 Expansion Image Generation Equipment 

1 1 Magnifying-Power Setting Section 

1 2 Shift Processing Section 

13 FURU En C Transducer (Expansion Image Generation Section) 
J Expansion image data 

P Subject-copy image data 
deltaS Movement magnitude 
Z Magnifying power 
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IMS.JClEtT 7 d tic J; »K 

IBtfc^BffeT'- 9 ££)£+4t£*Bft£i£3M3:t 
. fc£fc.*1«fti + 4l^B«£l*B«. 

2] BEfcfcBftyfeft^&a 1 , BEBBBr'' 
- ? <r> &B3I u it L x >k&i-7n-t -7 ;u - ^ > -> - ^ $• 



/ (/) = (1/2* )Jf (« ) M «> 0, m 



1 



= jt(l- 



i -1/2 



q(2x/w)) 



,-2m 



x exp(/<s#)rfa> 



■fc/i-U F (u ) ^WfeJ^BftT-'-^OB^ffii: f 
(t) **<r)\&t}fetfcebZ> 0 (t, u) Ji, 7^- 

i > -> - ns^n. ■ s <7>ra o , M$£mi>.m 
-?t-£>4 0 

l8t*«3] «rSBI£*Btt***a3!i*. WEBB*!?* 
- ? <o&B?£« f-tt L tutrE 7 ;u - i > v - gg&c: t 4 30 
£fc7Jtt£±j£U lWIB*t:*B«f'-5'U*«t:4-S-B*0 

7 , aefi$^w)EJfeB^T'- 

^^B^^^TK^^CSo/^lfcoB^M^ifiKL, 
t<0f£. Bl^^m'tf»bfc«SROBBBUtf t--tS 

it^ifii-^o 7 i > 's-m&zm-tz. tizx *) . mil . 

L < l±»*Jg 3 KE$fcoK*Bf££>£l£e 0 
Ist*^ 5 ] be v 7 h ^a#\ tfttsnwMi&f— 9 <r> 

£*L4i§-£-, tifts fi4i»stt*itf - * 

t^+4B^fti:<7>r^(CB*7!»*fiei-4 «t t f=BE 

tci&o feBft<0BBBU'*t LntfrEftB^fa'^o 7 
* > > - ^fc* T «S S it 4 ^fiE $ iL4 fffE^^Bft 
r-- d7 c^B^fSft t B«i* 4 B«£ft t <OF B 1 i:f]H% 
ft-f4£oi;f?5EB£f£B£Sfi:fr|6H:^i!,£-tf£Cfc 50 



U, BfrE^BftT'-^o l .ooB*J-*t+4BE7';i/- 

y'fiffi^^B^^* $ $• i t LfcB#i-, atfiSt:sit4 

irE^Bfgr'- *OBSfc&ft£, ± VS'it 

*|6]K^-it-?*t^»Sl /' (2 Z ) /itt#«lS-*4 C; t 
Z t f Z 5 J-E«0^7cBf^fiS:gS, 
[a*S 7 ] - v h M 7X%uEft ? itt^f^<0B^t5: 

$ *>4 mm^mmr- ? v » -r *tsi- 4 fig u ' 

Eft-t4«2 0XxV7t, 

-RJE ? -it 4 M Ete*«i*W#»t?* 4 ^^m+ 4 

fl?Ei£*^* { $ScT-*4W^ *^Sit.4grEl£*:B 
^t'- ^oB^fift i»Ea:*«**:i6.i: 

SEB $KfcBEKB'«.-f r- 9 «B*«>ttfl|U*t LT 

Eft $ fLJt BEBBBf - * o^-B^UJt L. BJEftt* 
6$i:£.i;t7^-x>y-^tit:t(;j:i), 

C t «: 1f R t + 4 K^Bft^fiK^ft o 



-2- 



(3) 



2001-136378 



13!** 8] -7h«J**#KE***-fcW£oH*«c 

BBBf- tfEJ£*f§*t-L*:tf s o-C. 
ii£3*&l»El£*B«t7'- * i:^v>r«-taeti: 
ESL, 

BE»*«^#*»*****' 
it, ■W^fctfrtSKB**'- *«B»«>'tt«*-*tUT 

BBsnfcBEKBB^-*^*«* l -** u 

**B*?* c fc ****** 3 v e ^ 
[BBoBBfcKB] 

[0 0 0 1] 

[%ww«i:^*i«f»»] *%bi*, **wB**e>* 

[0 0 0 2] __ 

f - * tttjfci'-c; i < oB»*& % hi&izmvkr 

«*'*BB«>B5i38BK« •> »*.T«JFt*- ;: **** 



[0 0 0 3] 

[fcBjS'Bife LiHtS BB] t -1 ^ B^BM * 

f <oBimaat-(*, t*s*t4B*BB-r- ^ 

fcBBUHU WWoWW^i'C*^^ ««<» 

[0 0 0 4] *BW*, m9.<r>4Sit*W*-** th * WM 
£$:2gtt£t#£ c t i i ft 1 1" * o 

70 [0 0 0 5] 

[»B*Bft-f*fc*«>*W *»BWl£*B«±«B. 

S-e*oT. ^fc< ktlrtBBB«^'-f *>* 3 P*' fi l* 
tdfBB^rtwy^K^oibkB^^B^*^**'' 

■ 4ffi«t;B«i 1 .*B*B«*iat.-.tt«$*V*«*** 

B*&B*« «:*»*ufctfc«»*£^ BB&*tfc 
. ^But^-^oBBottBt-WUTBitft^Bft*** 
->7 -EB-sitfcBBBr-^'*?****-** .. 
U t-T-z iu-i>->-BB*Bt i k , l; 

j: *) .j£*g*f- * ttBi-*UWcB«i**»t * 
B* fc c t * «F»'t 1- * o z <o t n K , • m**-* <P 

BoBft* 1 * »*B«f - f 
30 ***** . " * ^ fWsB****^^ * 7 b * 

&%m±tX: BBBO*ft« , » < 5»* fc *^ l 1 ®* 

[0 0 0 6 ] «^^».''iH?!--?«>*i' 
i jwtB«r- >''***** ik '* ?sl * tv '° 

[SC5^2l 



i 
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(4) # 
5 6 

/(*) = (1/2^)) F(u\^(t,u)du 

- n 

fc£U 

[mo y (/,«)- (1/2 jr>] | £ - a + 2^ )j 



2001-136378 
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x I S 0 - <l( 2n l (0 )Y m \ * exp(/<af )doi 



19— 



0) 



(t) *t»m*it£*4o js (t, u ) i±. 7^- 

(U 2, 3 • • • •) 14, ttOTttttfrlib-r^?.* 20 
- ? -CabSo ( 1 j &.*m*Z> Z t X\ 

BKSii** 

[ 0 o 0 7 ] tt*Bflyfc*#a:i±» 8LM&7- ? o&B 
10 0 0 8] i£7<Hm£i£^&<4, *¥-?ffil^<r>7 n,- jo 

[0 0 0 9] ! /7k«tts ^ «>lI**=*t-L 

-C*¥:£|SJ^9 7 * - * > ->-^m75 { Jfe?iti*&# v 

t OK KUXjMMM- & 4 9 t-B*fifclI fcftfltfrfii K£ 

[0 0 10] Mx.l4\ >7 h^&li, Z t 

U KKIf - ? w 1 o(011i:i-tf^ > 
ge&t-4 o^fej&^ft&ii^rn -y ^ cr>7R^ifi]4j 4 vm 
W.Ufa<7>Wm®.<»&2t 1 £ LfcttU, ^«$*L-5ifi* 50 



*t-r*t»»*i/.![2 z) fc'it&i&S;**,, -<?*#£\ 

<r>mm&m.t mm&m t vmiz&m. s *t£ „ 
[op 1 1 ] 

[0 0 1 2 ] H i ii,'-tt*H*ife**«07'n.-7^H-C 
&7cBf&£j£ige<4, cpu (If-ef) K4o 

(H^-tf-f) iciest *iry>*. 

[0 0 1 3 ] * 'J M 1 »=I4' % »Sf-yY £4 

-So C'o«B«t.r'.--^fi, 9 
fifc£*L&.o m8tT—9 Y4J4 yfeff- * C bs C r O 

[ o o 1 4 ] &-km&!k.mmm. 1 o i±, teTcfs-^ts^ec 
1 1 , v 7 hiaasci 2 ... 7fr-x->'>-%z&&i 3*> 

R-cBftsfLSjejtBar-^'tfta-f*. 

[0 0 15] t£7^f&^IS:^SC 1 1 T*<4, *^U-^C4 
^fi (H^T) «B«T'-^t;iti-4«:>k:B 

[0016] ->7 btemu i 2t-ii, mM&r-9<n& 

m$*i>K J£7<BftT'-i't-4»v»T>tI&i-*fi:St-EE§ 

-?■ it, k^ft^apft-e***^, flKB*^- 



-4- 



7 

[0 0 17] 7^-J.>^-ftjft« 
1 3t-li, lilt f - ? <0#I^i:it LT 7 *-x > •/ 

ft&o &j£$ivii£:*:Bte-r-*<±, fti^tVMii: 
[0 0 1 8] jStK-r*-? YftilKfeif-^.Cb, Cr 

[00 1 9] 02(±, RH«f-r*!-Jt***ft*»«.* 
(0 0 2 0] BBift^->Pli, AXCWlfti'ibffi 

feBjftfc t-c^^ifiJUxffiS (o^x<A) V*B;£ 
. r6i i- y mm (o s y <o i *» f *■ < 20 

>ltcj&o r s #1 % kit* fat-i&o t t #§ 
. [0 0 2 1] «B«^-*P04HMSP»«Ui*U 

itlztt-t2,1£±*zZ7ji-fo Mx.l£< BXP.V.CttU * 

*o -.j^i:, Sig^ipj^o^ ^— jiv->— gMfc#*3'o<o 30 
!kk2tl.tzWmzttLXm$tl. ZttiZi. K). 3X3 = 
::9fi,Wif i'fe^^/D ? J- B 0 ^«?*14, 
; [ 0 0 2 2 ] -?- LTi IHSt'- ? p <r>-^«x<r>m^ P 

: 3X3 = 9 f^If 4 4 70 ^ ^B>ibifi Jlii ' 

a:±min.T- 9 j tcij v»t, 7 ;p - > -> - 

t^o/cSSftr'-? PWBi*,Pyv<Ofeat-*tI&L-Cv> 
-So taUtf. 7*n y ? B 0Offi»J4, Iltf-fp j) 
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[0023] yo-zno rtu±>(t*H*<o(set^-r 

(0^y' ^2) cOlltg^^L, 7Q*/n0rti:U 
It^^-MSSr I ' y-«< t^-fo itTCBfg-f- ? J OfflSff 

Jyxfcl' y'x- t<±, ^<0M^^S|^1-o 

[ffeS;3] 

[0 0 2 4] i.^J:ri:, £B?£Pyxi;J\ y^-juy-y 

[0 0 2 5] JUliftT-*-^ PO l ooM^Pyx^<b7K¥ 

v?b tf±f& $ fti, z. tfr b , Jester"- * J 
^Ifijoii^^i^fiK^^M^pili^ -eft-Pit 3 
A, 3CiW. t£*^*%^l^feitrSl[*I^U .. 
riS-f * i!t7C$r-* ^ i t f> \ $ tx.&y'u -y 9 B<7) 

[0 0 2 6] IWtC, AX.CWIgiftf-^Pli, 
I£4:tt^^3tt-P^7 %-i> x-fili: i 0 , .3 A x 

[ 0 0 2 7 ] HI 3 rH6i #H? Lt, 7 ;U :-• j. > -> - ^ 

XFIuerKsy)Wfc1cai^v>fe^T : 'ab-&<?>'e v 7^ 
- j. > -> - us SS^ ^ i5 J: V s 7 ;u - sp. > -> - g| ^ 1; 

[0 0 2 8] 7.*-Jc.'>3r-Blkli» «^^m^^iS« 

(.:«B.T**B*tC'TKJii».fejh.Ti|};»-«ji.ur, 

fSfc3S^-^No-363, pp8-12(1993)J (ttT> JMltti 

[0 0 2.9] *-f>^ :"7/^.i>.^-Bft9BlttBfc^; 
V\T5e«li--&o Tl^t-'J: ? (3 ) St-fJKijS 

( 4 ) 1 # , HftSB " S l±, ( 5 ) ^:t-s« 

$fti 0 fc/iL. (4 ) ^to bo |±, : #jgrC**o . 
[0 0 3 0] 
[^4] . 
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(6) 
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(3) 



'S := {/ : K ->C| /(*)= ZKxit-nX {b,)el^ 

•(4) 



m S:= j& :.ff->-C | /?(/)= J/0-r)g(ryr, /e-'i", ge'sj 

(m>2) —(5) 

[0 0.3 1 ] ®&£m • S<Om(±, Cm — 2) @aStf8 . W«*Xj£^U«i5^&W^{i.s; UKitmiktWBL 
3t*lk%m* (m- 1 ) -i;<7)E^#^^e.fe^ f fiE 20 i6^;&<7)M t L TS.jS^^ft:^aic J:"*) i&Jfl S fir 

i) iot^I t?;ti*tl,o iti; (5) "*T?'(i., g . *5 *> , ffij£<Ojig& f e - S (i . ft* 

^^^^{SS*tTv^-i:^^LT^^o ffifn :=£ (n) C*fLT, (6K (7) 5S£j?tfc 

.10 0 3 2] co-scor^m^ »S^, ^^plBg "To . 

ttmSrv^^-J-tLT, l^eiK&tl&^fyi (m= 1 ) >. [0 0 3 3] 

by->)^t&mmm&.^m (m~°°) tr-zmv-'-zi-r . i&sss] 

/(?)= E/»H^-") " (6) 

. /. = ]/(0(- s .J^-"M. •(7) 

H <te~S = (1/2*) j{ if (l - <?(2*/<y))}" } xexp(/fi*Vfi> 



— 3C L 5 



1, p = n 
n 



-6- 



[0 0 3 4] (6) 5S<±, W^m^h^^tltzyiV- 
x- > > - SM> f> igaj £ ftfc 7 ^ - j. > •> - jff g& 

[0 0 3 51 B?I&£|B) -SUfc^T, m£4Sll*:* 



/ (0 = (1/2 «■ ) J F (a ) ( . o ]* 0 . " )du 



(7) #^2 0 0 1 - 1 3 6 3 7 8 

12 

li, (8) . (9) 5ft fcfc'U <5 (t, u) 
(i. -SOBBtit?**), Dirac <0 S Mft*fflv»r*S ft 

[0 0 3 6] 
IS5*6] 

(8) 



F( M )= J/(/)[- 0 ]#,wM 



(9) 



fegU 
I 



* 1 £ (l - 9 (2jr/a?)) _2m 1 : x exp(/a*)rf<a 



[0.0 3 7] *«teigf(i; (8) SC*-7*-i>> 
-HE^SElfc, (9) **^"*^i>^4ic<BSltl)fct L 

[0 0 3 8] (8) Aa7'*-^>>-ft&xtJfc<i, fit 
4-'c:t*fsrife-e*io -E--T-, ^jfe^r*(±. 

&T-i> * 7 * ^ x, > > — gSJfe ( 8 ) StfefMBLT'. SDH 
*li^#t-*tL-C (8) ^7^-x>y-fMSt 
£<> 

[0 0 3 9] KT% .tf*#ft<:'<7.^,-?'inOl4 

U.fwNfO 7 * - i. > -> - MR* iN"'. 
[0 0 4 0] Hft£M '■SU'U^'T, -*-m*'M* 

1, 



JO 



/(')=£*.*('-«)= 



• • • t U;t p<r>yfr-x.> v-KticSr** 
Tv> < o 7 x> -> - nn &<t>^ <> ft J& $ h%$ <± , 
(3) 5t-c^L3ti6f^iaScj: (t) £ (4) 5^<0 f 
(t) e ' StL, ( t ) 4- (5) kt-Jslt-SM 

&g€ 'St L-fcHft-?£*.:--r&*>^ A#<£fc IT 
mW&nftto *)iZd H»*fflv»4..c: t T-£li7J f ( t ) 

S *»i«»3SW.? S * Uifc $ 

[0 0 4 1] xtut m*m y» t = f^.c ■:' 

1 > -irtl&.9i-<0 0 #S 5 W'ft k + 4 (H 3 # 

bb) o m=i<7>i#-g\ ^vy&ijxhiy H'-x-y-s-ffi 

[0 0 4 2] 

[ffc£7] 
-l/2</<r + l/2 



0, *tlWV 



•Co) 



[0 0 4 3] m= l.-CcOT^-^^x-Mia^, 13T' 
^ti^^ ffiBHftUi&o fit, /<7*-*m = 



50 



[0 0 4 4] 

KfcA8] 



13 



g{')= J/(/-r)/(rVr = 



(8) 

t-T + l, T-\<t<T 

-t + r + l t<(<t+1 g(t)e 2 S 

0, ^tlUXK 
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(n) 



10 0 4 5] *-?m=3. 4 • • • WtHl^i 

- 1 ) Izamyju-jL-yy-^t (10.)£«>f 



*:£T^*#<?*i*:g (t) H (t) tOfi^iiAlg^ 



(t) L<OS:A.&A.W.fr&m$nZ>t, "-'S<r)®&£ 10 fth (t) li, 
" S<or^S5:^p B 1(r^$^ c*u::<$: •?> (0 0 4 71 

[0 0 4 6] flj. /<7;<-?m=3c9B#, (11) * 



-i(' — 2 )\ 

l(^r + l) a + l(/-r + lX 
4 2 

4 2 

-l(,-r) 2 + l, 
4 

|(,_ r _ 1 y_I(,_ r _ 1 ), 



r-2 < t < r • 



r — << < r-1 
2 

r-l<t<T-i 

2 2 

t + — < / < r + 1 

2 ' . 

r + 1 < / < t + - 
2 

r+-< f <r + 2 
2 



40 



[0 0 5 0] 

[&5U o ] 
A 

~3' 
4 

3' 
I 

^3' 
0, 



(12) 



/(<)= 



r-l<t<r — 
2 

1 1 

r — </ < r + — 

2 2 

r+— </<r+l 
2 



(13) 



10.0 4 8] KOi-jC, *-9m<r>fe*tiz.X^* 

,tS.13> 4 T-TpSft/.:, m=l, 2, 3 ltJ3tt-£> "7 
*-:*>->-|Hft(i/ (6) ^tc33Jt*^ (t) Ofljfc 

10 0 4 9] Srfc, K&^Fal — 1 S*>e> S-^eO^&l:: 
fcv^T, 03(1^1" f (t) *gL&&Mz%<r)ii&m 

■tit. t = zx*®&mtf\Dfe<7>i ttthtc^o 

^O^ftB# (m^3) IZiJV^rgAii^mtfflS*!^ f 
(t) @3T-(i&<[3 5U^J:d&ff£t*WM&£ 
f£ffl1-£ 0 m=30i^ f (t) (i, 



[0051] Hftf (t) it, mm&i J: HIE 

E#l££&-fo LfcA'ot, t = :Oill < ft: lti 
50 -So 



15 

[oo5 2j (H6(±, mwm-T- 9 P<r>W%Py*<r>m& 

fST-&<9 , ^fiESft&T'n y ;7(i, 8 X 8 = 6 4 fflO® 

10 0 5 3] —mt LT, JRBttt-f-^PtCiSV^-CSv* 
KBa^fcofcBMgl-iaooHEPt.-i, p, Sx p 
t.*i i:*tL, 7R¥y5ft^o 7 ;u- ge&SrBffl -f 
*..i"<tfcfe; 3o<ojiSt{i*tLT> (8) £USjS+"7 

(u) -5-*L-r*LM*Pi.-i» Pt», Pi.^iOfti 

[0 0 5 4] as^ti^f |.t) (±, H3, I4t-^l 

[0 0 5 5]! -*-2m = 7Ac-x> v- 

«fc & ktJ f ( t ) (4 v JE^Mft t 1) , $ ti 
Z -f U y '? I <7)*¥^(6]<0 8 0«r>B3fH£.i, -€-it-P*t|BI 

I 0 0 5 6] ^'7 X- ?m = 1 T*&*Uf, fflSP.-i , 
Ptt + i'u«i-4^ji/-i>v-.SE!ft<S | >ffl*'f a-i > f 

>\> fcJ3*.B3?Pt.-u Pt Sl Pts + i lc*+-r^>7K¥^F|fiJ 
^7*-x>y-,^i:i; <9&J3t£ft&&B!it£. > 

[0 0 5 7] /<7^->m=2<0*i-g-, 3 ocoHj^fP 
t»-i , Pt»> Pt.+i^Eri^fu-pjt (8) 5tU J: ») 7;t/ 
>. -> - £fe $ ft * <k , m*. f . ( t j. liv B6 lPft 

i-7 •»;;• -tux-riii %-* . v f * . , f s *i fc&<5<> <^*>* 
-5#m^f,-i ; £. , f*+i (DthjjmitamLtzmt 

oil), rn y ? I ,:gtt&#E£OttEf::iDC 

^-en-THoai^ttcomft^. ^fi£EKfc.t£B*K 

[0 0 5 81 •Sfti:/<5^?mOti , *l < t, 
7;u-^.>->-^(-i^>ffi^ £ (t) Offl^fEHliJ:. 

[0 0 5 91 l^ilftT-'-^Pcop^PyxJ: 

*jlt (8) fc-^>i'-m&*im-}imz 

£o UJ'ot, HBffc-f-* P^&BSPyxlCttLT 
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fa-tztizi: i), Sit5:W(zEft?H/j-if>y;u (JEBf* 
■f-?oB3£E) ^fb-^vr^raoB^i^fiE; (M 

ffi) S*i,.i£*B«-f-^<o#B*JvxO***nirftfc 

J: <J>tfc*:Bf£T'— ? J <7)4f i:oi>tl^t^. 
[0 0 6 11 S7(i, HBter'-? P BfS 

ftaSftirnyjr IO*sp*|fi|0#B*fl[4ira-f4 
<0(;dZ.g|t^4B^Pt 8 O^2B^«:v -eit-f^-b, 

«r> &7>>?>0, 1;; 2 • • • 7«ISft-*to : . 
[ 0 0 6 21 i -Tv EHfR'f - ^ P O-S-B^ P yx * , ^ 

sic $ tL^ffi^Bft ^ j teas v. r'wi&if * fits uses 

?&o ir%t>%^ &7tiy ZB (BO) <0f-i« 

<0+i») ..UfiEtcB^Pyx-SrEg-fSo COB^iEfii** 
«&£*U:f£. ^f5e<7»«vX-^m{Cj:*7^-i>->- 

#ii'4 7*n-/^ I rt«0^c^F/*r|6]oef^ (3#B tBfRfi!: 
Et ^gOB^fifcetOiajj i:fcv>T7^-x>y- 
^?ti^ 0 i'ttici'ij, *¥Srrfiiti?&o^8ooii^ 

W'feft*V PfCl^i:, B^b, c, d, e^^-tr 

[0 0 6.3l.i8 I!',. 7K¥/?|fiJ,:±«$^ 8 OOB* 
E^m-f i*«:^Lfc^T0r*4o iOjcTO? 
(±; /<7^-rmA ! l - 3 <OI$<DB?f?E£#4>*l?#r5$: 
Sr-etL^^LTiJ ») . CinbcO^li, (8) sSl'ISo- 
. v»-c#f>*t^, 0 ife$*ii 8o<0B^E«r, B5fs 

&mo~7V$tl&iri£ J )\z % frtl&tll 0., 1,1, I 
2 , • I 

[0 0 6.4] iSCf.f.tTi:, /<7^-?ra=10« 
■ifr; t^TOlf 1 1 o , II- ■ I.7HK WMmr 
40 - ?POlfP t tiS 0 ' -?3 s "7 ^-?m-2 
Ot^vlf c; Pt», d.Kit1**>?>-rxy->-Elft 

tci oifbft^-f-K-rn^aiy^^iuso-v^T, socotR 

¥77(6]OB*E ( I 0 - I 7) *>*syf>tt^ 0 /( 7 ^- 
^m=3<0^li, B^b, c, Pts\ ei:*tt4 
7A--x>y-^|:j; 0#'b*V^-?-n.-rtL<7)aj7jfflt; 

U #BS<0^5r, CC-eiiBBfcWtflHS-b,- c, P 
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